Introduction.
Although "spirochetes" is the general name of some microorganisms which possess a slender, flexible and spiral cell body with axial flagella, their spiral directions have not been studied extensively with either the light microscope (LM) or the electron microscope (EM) . A few reports on the subject by LM were published,l~-4~ however, they are not accepted plainly, because of their insufficient descriptions.
That is, they had no regard for the fundamental problems in the study of spiral directions.
Furthermore, in the author's knowledge, only three papers on the subject using the transmission electron microscope (TEM) can be found since the application of TEM in spirochetology,5~-7> whose descriptions are limited only to the TEM images and involve no discussions on either the theoretical considerations of spiral direction or the fundamental conditions of their experiments.
Therefore, these references do not contribute much information to the subject and further studies are required.
A new type of EM, the scanning electron microscope (SEM), has been used in bacteriology for the past ten years and several reports on the study of spirochetes were published.8~-11> However, the spiral direction of the spirochetal cell body has not been examined in detail under this new microscope.
This instrument possesses a deep focus and is considered to be suitable for the investigation of the three dimensional conformation of samples. The spiral direction of the spirochetal cell body can not be recognized clearly by LM with its lower resolving power, but can be expected to be seen well by EM with its higher resolving power.
Recently, the authorl2~ published a paper on the theoretical considerations and fundamental problems in the study of the spiral directions of helical bacteria and the experimental conditions for this study by EM, including SEM and TEM. That paper resolves the methodological problems and permits the spiral directions of spirochetes to be elucidated. In this report, the author describes the spiral direction of leptospiral cell bodies as revealed by both SEM and TEM, under the conditions and considerations of the previous paper.12) Materials and methods.
Leptospires and cultures : The five strains of leptospira used in the present study were Leptospira copenhageni (Shibaura), L. canicola (Utrecht-4), L. autumnalis (Akiyami A), L, hebdomadis (Akiyami B) and L. australis (Akiyami C). These strains were cultured in Korthof's medium at 30°C for 10 days, sedimented, and washed three times by centrifugation at 6,000 r.p.m. for 20 minutes. The resulting pellets were resuspended in 0.01 M phosphate buffer (pH 7.3). The final suspension of cells was used for the specimen preparation in SEM and TEM.
Specimen preparation o f SEM and TEM : For SEM, the final suspension of cells was dehydrated by passing through graded concentrations of acetone and allowed to dry by critical point drying (CPD) with liquid carbone dioxide using a small envelope of filter paper (Yoshii et al.13) ). After CPD the samples were coated by evaporation of gold-palladium alloy (Au-Pd).
For TEM, the specimen was prepared by chromium-shadowing after air drying (AD) and CPD of cells.
Electron microscopy and photography: All the electron micrographs of leptospira cells were taken with a SEM (JSM-S1 type, JEOLCO in Tokyo) at 10 kV and with a TEM (JEM-7 type, JEOLCO in Tokyo) at 60 kV under the conditions established in the previous paper.12) In order to confirm doubly the three dimensional conformation of the sample, the specimen of SEM were also frequently observed under stereomicrography.
When printing enlargements of the sample image from the original negative film, photographic procedures were well attended not to turn the three dimensional conformation of the sample and to prevent the making of mirror images as mentioned previously.12) Judgement of spiral direction in the SEM image was based upon the definition in the previous paper12~ and its model is shown in Fig. 1 .
In the case of the TEM image, the spiral direction was judged by watching the preserved helices of cell body or the twist relationship between the cell body and axial flagella, as shown in Figs. 5 and 6.
Results.
In the present experiment with SEM, the three dimensional conformation of the leptospiral cell body in each strain was well preserved and the spiral direction was recognized very clearly. All the cells of each strain of leptospires examined were of the righthanded type, without exception. Some examples of L, copenhageni and of L. autumnalis are shown in Figs. 2 and 3 . The right-handedness of the leptospira is shown much more clearly by the stereomicrograph of L. canicola in Fig. 4 .
CPD-samples in TEM showed well preserved helical status and the spiral direction was judged easily. AD-samples in TEM appeared as flattened cells, however, the twist-relationship between cell body and axial flagella was observed very clearly and the spiral direction was also judged without difficulty. The spiral direction of each strain of leptospires examined was also recognized as being right-handed by TEM. Some examples of L. hebdomadis and L, australis with these results are shown in Figs. 5 and 6, respectively.
Discussions. There are many strains of different serotypes in genus Leptospira, however, only five strains, which are prevalent in Japan, were examined in the present study. Examinations by both SEM and TEM gave the same observation, that the spiral directions of the different strains were all right-handed (Figs. 2-6 ). These results also show the agreement between the different instruments under the limited conditions of experiment.
Moreover, because the five strains of leptospira examined were all right-handed it may be possible to suppose that all leptospira strains are right-handed. This may be true, because all other morphological features on the level of organella are common among the leptospires and no differences have been found electron microscopically among them up to date.
There are many reports concerning electron microscopy of leptospira cells,14~ however, no paper regarding the spiral direction of them Figs. 5-6. These show TEM images of L, hebdomadis and L, australis, respectively.
The former was air-dried and the latter was treated by CPD. The right-handed turn of the cell bodies can be recognized by observing the helix and shadows (arrows) in the former, and the twist relationship between cell body and axial flagellum in the latter (arrows). Magnification : Fig.  5=15,000X 
